The stress distribution round a circular hole in an infinite aeolotropic plate subjected to tension in one direction is found theoretically in the case when the material of the plate has two directions of symmetry at right angles to one another. Numerical work is carried out using the elastic constants found in experiments made with specimens cut from the highly aeolotropic woods spruce and oak. An attem pt is made to apply the cal culated stress concentrations in conjunction with measurements of ultimate strength to determine the kind of failure that might be expected near a hole in a highly stressed wood plate.
Introduction

1.
In previous papers (Green and Taylor 1939; Green 1939 ) fundamental stress functions were obtained for problems of generalized plane stress in a plate of aeolotropic material which has two directions of symmetry at right angles, and some of these functions were used to find the stresses produced by isolated forces acting in the plane of the plate. Numerical work was carried out for the highly aeolotropic materials oak and spruce, and the results were found to be in striking contrast with those for isotropic materials.
In the present paper the fundamental stress functions are used to find the stress distribution in an infinite aeolotropic tension member which contains a circular hole. These stress functions which satisfy the equations of equili brium and which produce single-valued expressions for the corresponding stresses and displacements, are combined in an infinite series so as to satisfy the boundary conditions. The resulting formal solution is not completely satisfactory owing to difficulties of convergence in some parts of the plate. I t may, however, be modified and expressed in a finite form which represents the stress distribution in the whole of the plate. As in previous papers, numerical work is carried out for certain specimens of oak and spruce. 
2.
Consider an elastic aeolotropic plate whose material has two directions of symmetry at right angles in the plane of the plate. The axes of x and y Vol. 184. A.
[ 181 j 12 are taken to be parallel to these directions and the z-axis will then be normal to the plate. The plate is imagined to be in a state of generalized plane stress in which the stress component zz vanishes everywhere and the components xz and yz are zero at the surfaces of the plate. r^2n cos 2ndx, r^2*1 cos 2nd2, log , log r2, (2 where ni s a positive integer, are solutions of equation (2*4) which are sym metrical about both co-ordinate axes, and they give single-valued expres sions for the corresponding stresses and displacements (Green and Taylor 1939) . Expansions of these functions in terms of r and 6 will be needed and are (Green and Taylor 1939) cos 2 ndx ( l+ 7 i) 2n® 1 r\n
( -Y~n y\~n cos 2<s$, cos 2 sOt
with similar expansions for r2 % n cos 2 n da nd log which ar the suffix 1 into 2. By using the formulae (2*2) the corresponding stresses can be obtained as series which are absolutely and uniformly convergent.
The tension problem
3.
The plate is now supposed to contain a circular hole of radius a and the origin of co-ordinates is taken at the centre of the hole. A uniform tension T is then applied to the plate at infinity parallel to the x-axis. If the hole were absent the stresses would be derived from a stress function If it is assumed that the expression (3*3) for ff may be written as a cosine series and th at the expression (3-4) for may be written as a sine series then the conditions for rr and rO to' be zero when r = a are 
A formal solution of the problem is given in the previous paragraph but it cannot be regarded as completely satisfactory because it is found th at when r = a the series (3-2) and the corresponding series (3*3) and (3* for the stresses do not converge for all values of 6, and for all values of yx and y2 which lie between 0 and 1. Before writing down the boundary conditions the order of summations in (3-3) and (3*4) was reversed, and closer investigation shows th at the resulting cosine series for and sine series for rO do actually converge for all values of 6, for all r ^ and for all values of y x and y2 between 0 and 1. The series (3-2), when it converges, may be summed in finite terms and it will be seen th at this sum gives a stress function which represents the complete solution of the problem for all the values of 6 and r th at are needed. Moreover, this sum may be expanded as a convergent cosine series from which may be derived a con vergent cosine series for rr and a convergent sine series for rd, these being the same as those used above but which were there obtained by a method which was only valid for some values of 0 and r.
for O 2. These equations are satisfied by 
E. Green and G. I. Taylor
The square roots in the above formulae are to be evaluated by the following rule-if R xei < t' i 4 a?yxe2ie r 2(l + y 1e2i6')2' R 2e^ = 4 a2y 2e2id r 2(l + y2e2^)2' then (}> 1 and <> 2 are to be chosen so th at they lie between -n and and R1 and R2 are positive. The square roots are then R \ e^, I t may easily be verified th at this stress system satisfies the equations of equilibrium, gives zero values for rr and rO a t the edge of the hole and reduces to a uniform tension T at infinity parallel to the x-axis. I t therefore represents the complete solution of the problem, the form (3*2) being a valid expansion of the stress function for only a restricted range of values of and r. The stresses in an isotropic tension member containing a circular hole may be deduced by finding the limit of the above results as y2 -» 0. The stresses a t the edge of the circular hole are of special interest and they take a comparatively simple form. Thus, when r -a, so = y (1+ yi)(1+ y 2 )(i+ 7 i+ y 2-y i? 2 -2 c o s 26)
(1 + yf -2yj cos 20) (1 + y2 -2ya cos (4-7)
xy --\66 sin 20, xx -60 sin2 6, = cos2 6. (
5.
In the first paper of this series numerical work was carried out for the problem of an isolated force acting a t a point in a wide board of oak and of spruce cut so th a t the annular layers are parallel to the plane of the board. The elastic constants which were used for this purpose are reproduced in table 1, and these values are used for numerical work in the present paper. The grain of the wood will then be parallel to the y-axis or perpendicular to the tension. If the tension is applied parallel to the grain it is only necessary to intetchange the values of sn and s22 which will change the signs of y x and y2. The inverses of the constants sn , ..., s66 are the Young's moduli. They are measured in kg./sq. mm. The values of the stresses on the edge of the circular hole have been evaluated by using the formulae (4-7) and (4-8). The results are given in tables 2 and 3. The stresses on the lines 6 = 0 and 6 = \ tt which may be obtained from (4*4) and (4*5) have also been evaluated and these results are reproduced in tables 4 and 5. In all the tables = 0 is a line through the centre of the circular hole parallel to the applied tension. is also shown in figures 1 and 2 for comparison. In these figures the sheet is supposed to be in a state of tension in the direction 6 = 0 and 66 is positive where there is tension and negative where the stress is compressive. It will be seen th at with the highly aeolotropic spruce the' maximum stress rises to 6-37 T when the tension is applied parallel to thie grain but th a t the tensile stress rises only to 2-04T when the tension is applied perpendicular to the grain. On the other hand, in the latter case there is a region where the compressive stress rises to 5T4T. The regions of high stress concentra tion extend only over a small area however. I t will be seen in figure 1 th a t the region where the stress exceeds th at for an isotropic sheet extends only
Stress systems in aeolo plates
Spruce Oak r/a x x /T y y /T x x /T y y /T
F igure 1. Stress distribution round the edge of a hole. Stress applied parallel to the grain, parallel to 0.
14 degrees from the position of maximum stress concentration. Similarly this region extends radially only 0-15 times the radius from the edge of the hole into the material. The distribution of 60 (or along the y-axis is shown in figure 3 . I t will be seen that with highly aeolotropic materials like wood the region of high stress concentration is limited to a small area where the fibres which have been cut in making the hole lie close to the uncut fibres.
The distribution of xy round the edge of the hole is shown in figure 4 . The high stresses which occur near a hole in a stressed sheet have a technical interest for they may cause failure of a material which would otherwise have withstood the stress. In an isotropic sheet subject to tension
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Iff? in one direction a circular hole increases stress at the point of maximum stress concentration by a factor 3. Since the stress at the edge of the hole is a pure tension or compression in the circumferential direction, and the maximum stress occurs in the part of the circumference where the stress is tensile, failure of the material might be expected to be of the same type as th at which occurs in the absence of the hole, but a t a load only one-third as great. In actual practice the material usually withstands greater loads than this, a fact which has been explained by supposing th at the stress at the point of maximum stress concentration does not reach its calculated value owing to slight plastic yielding there. In aeolotropic materials the conditions of failure under complex stresses have not been fully investigated, but the ultimate stresses for direct tensile and compressive loads applied parallel and perpendicular to the grain of certain woods as well as the ultimate shear stresses for shears applied in these directions have been measured. Measurements of this type are included in a report by C. F. Jenkin (1920) It is of interest to compare the loads at which failure of the five types contemplated in table 6 might be expected to take place in the neighbour hood of a hole in a spruce plank under tensile or compressive loads. For this purpose the value of the externally applied tensile or compressive stress, which would theoretically raise the stress near the hole to its ultimate value has been calculated. Four cases are considered: (i) tension applied parallel to the grain, (ii) compression applied parallel to the grain, (iii) tension applied perpendicular to the grain, (iv) compression applied perpendicular to the grain, Table 6 and for each case the value of T is calculated for each of the five types of failure referred to in table 6 namely (а) rupture of the longitudinal fibres, (б) breakdown of longitudinal fibres in compression, (e) rupture perpendicular to the fibres, ( d)breakdown by compression perpendicular to the fibres, (e) shearing rupture parallel to the fibres. Taking case (i), (a) the stress maximum occurs at 90° and is equal to 6-37 T .From table 6 this corresponds with 18,000 lb. so th at the tensile load necessary to cause breakdown of type (a) in case (i) is T = 18,000/6-37 = 2800 lb./sq. in.
In each case the appropriate maximum positive or negative values of xx, yy, xy have been taken from table 3. The results are given in table 7. 
